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Crozier and others (1, a  and b, 2, a, b, c, 3, 4)  in  recent investiga- 
tions on the effect of temperature on biological processes have shown 
that for certain vital activities the underlying or controlling processes 
may be treated as systems of "irreversible"  first order reactions and 
that to such processes the equation of Arrhenius (5), Ks =  K1 e i (~' -  ~') 
should be applied. 
For  respiratory  processes,  oxygen  consumption and carbon  diox- 
ide  production,  critical  thermal  increments  have  been  shown  by 
this method of analysis to be of two and possibly three types:  ~  = 
11,500 and 16,100 or 16,700  (Crozier  1,  b). 
The present paper contains results obtained by a  similar analysis 
of  data  from  experiments  on  the  effect  of  temperature  upon  the 
oxygen consumption of pupae of the "wild type" fruit fly, Drosophila 
melanogaster. 
I  wish  to  express  my gratitude  to  Dr.  J.  H.  Bodine whose  con- 
tinuous aid  and inspiring criticism has made this work possible. 
The  pupae  furnishing  the  data  set forth in this paper belong to 
a  basic wild stock of Drosophila melanogaster.  This stock has  been 
carried  along in mass  cultures  in  this laboratory  for  the last  three 
years. 
Oxygen  determinations  were  made  by  the  manometer  method 
previously  described  (6).  Constant  temperatures  were  maintained 
by  means  of  a  modified  type  of  the  Freas  constant  temperature 
water  bath.  For  temperatures  lower  than  room temperature  large 
coils  of  copper  tubing  were  placed  in  the  water  bath  and  through 
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them  water  at  low  temperature  was  slowly  circulated.  Constant 
low temperatures were thus maintained to within 4-.1°C. 
Equal  numbers of pupae  (usually 50),  previously sterilized by al- 
cohol and  then washed in  distilled water, were used in  each deter- 
mination.  In  some experiments individual lots  of pupae were sub- 
jected to the entire series of temperatures (0.5°C. to 35°C. inclusive) 
while in  other experiments separate  lots  of comparable pupae were 
used  at  only  one  temperature.  No  marked  differences were noted 
in  the  general  nature  of  the  results  from  these  differently tested 
pupa~.  Since  during  early  pupal  development  the  chief  processes 
taking place within the animal  (histolysis)  are quite different from 
those of the last 2 days (differentiation, growth, etc.) it is desirable 
to use pupae all of the same age.  Separate experiments were, there- 
fore, carried out with pupae of 1, 2, 3, and 4 days of age and with an 
otherwise  identical  history  as  regards  temperature  and  cultural 
conditions.  As  shown  in  Fig.  1  no  marked  differences in  critical 
thermal  increments  for  oxygen utilization  of  the  pupae of different 
ages were found, thus indicating that no significant differences seem 
to  exist  between critical  thermal increments for oxygen utilization 
during these different periods. 
The  figure  shows  the  relation  between  temperature and  oxygen 
utilization as found for all pupae of all ages.  The values of the criti- 
cal thermal increments (11,500  above 15°C., and 16,800  below 15°C.) 
are strikingly similar to those pointed out by Crozier (1, b) for respira- 
tory" processes in various plants and animals.  These critical thermal 
increments show  that  rates  of oxygen utilization  can  be  described 
accurately in terms of the Arrhenius equation.  It is to be noted in the 
figure that a  "break" in the value of ~ occurs at approximately 15°C. 
This  point  corresponds  almost  exactly with  that  similarly pointed 
out for numerous organisms by Crozier and others (1,  a  and b). 
The  values  for critical  thermal increments for oxygen utilization 
in Drosophila, as found in  these experiments, are of quite different 
magnitude than those  obtained by  Crozier (1, b) from data  of Loeb 
and Northrop for velocity of development and of death for the same 
organism.  This fact seems to lend further support to the conception 
of a  lack of fundamental relation between the critical thermal incre- 
ment for oxygen utilization and for measurements of growth, etc. o 
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FIG. 1.  Oxygen  consumption o  pupae of Drosophila n~elanogaster of difIerent 
ages.  Each  plotted  point  is  the  mean  of  several  experiments.  Above 30°C. 
respiratory activity is irregularly affected, especially  in pupae over 1 day old.  Pup~ 
4 days old and about to emerge do not give consistent results due undoubtedly to 
variable body movements of the flies within the pupal eases. 
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SUMMARY. 
The  critical thermal increments  are  calculated /or  oxygen con- 
sumption in the pup~ of the "wild type" fruit fly, Drosophila melano- 
gaster, and are  found to  be of two types:  ~  =  11,500 and  16,800; 
above 15°C. the first value is obtained, the second, below  this tem- 
perature. 
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